Budesonide nanocrystal-loaded hyaluronic acid microparticles for inhalation: In vitro and in vivo evaluation.
Most inhaled pharmaceutical formulations on the market are intended to exert immediate pharmacological action, even although inhaled sustained-release formulations can be needed to reduce the frequency of dosing. The purpose of this study was to investigate the pulmonary retention and pharmacokinetics of a poorly water-soluble drug after loading its nanocrystal form into inhalable mucoadhesive microparticles composed of hyaluronic acid. It was intended to prolong the pharmacological effect without compromising the dissolution rate of the poorly water-soluble drug. In this study, budesonide, a corticosteroid anti-inflammatory drug, was used as a model poorly water-soluble drug. Submicron budesonide particles were prepared by wet ball milling, and subsequently loaded into hyaluronic acid microparticles by the spray drying process. The ball-milled budesonide particles and the spray-dried microparticles were characterized using dynamic light scattering (DLS), laser diffraction, Scanning electron microscopy (SEM), X-ray powder diffraction (XRD) and differential scanning calorimetry (DSC). Selected formulations were evaluated in terms of their dissolution/release rate, aerosol performance, muco-adhesion and pharmacokinetics in rats. As shown by XRD and DSC analysis, the nanonized budesonide particles in this study were mainly in crystalline form. The dissolution/release study showed that the in vitro release of budesonide from the microparticles was not significantly sustained compared with the dissolution rate of budesonide nanocrystals (BUD-NC). However, the budesonide in the microparticles exhibited prolonged retention on the surface of porcine tracheal tube owing to the muco-adhesion ability of hyaluronic acid. After intratracheal administration to rats, the BUD-NC exhibited a similar pharmacokinetic profile to that of budesonide solution via i.v. injection. In contrast, budesonide loaded in the mucoadhesive microparticles exhibited a significantly prolonged Tmax and increased bioavailability with the animal model. This study demonstrated that inhaled microparticles composed of hyaluronic acid could produce sustained budesonide pharmacological effects. This can be attributed to the mucoadhesion of the polymer that overcame the mucociliary clearance and, consequently, prolonged the retention of the active substance in the lung without necessarily reducing the in vitro dissolution rate.